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RECONFIGURABLE ARRAY OF TEST 
STRUCTURES AND METHOD FOR TESTING 

AN ARRAY OF TEST STRUCTURES 

This application claims bene?t of Provisional Appln 
60/000,398 ?led Jun. 21, 1995. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to a recon?gurable array of 
test structures and a method for testing test structures 
employing a recon?gurable array of test structures. 

2. Discussion of the Background 
In semiconductor manufacturing, semiconductor devices 

are not typically constructed individually, but rather in 
multiples, frequently large multiples. For eXample, in the 
manufacture of a semiconductor device, several hundred or 
more devices Will be prepared simultaneously on a single 
substrate. This substrate or sheet Will later be die-cut to 
provide the individual semiconductor devices. During the 
step-Wise assembly of the semiconductor devices, it is 
advantageous to test, occasionally more than once, portions 
of the partially assembled or the completely assembled 
semiconductor devices so as to monitor the manufacturing 
process and to identify the malfunctioning devices. 

Further, in semiconductor manufacturing, there is signi? 
cant economic pressure to reduce the costs of manufactur 
ing. Thus, there is a greatly increased demand for maXimiZ 
ing the number of semiconductor devices that can be 
assembled on a given substrate. Unfortunately, this demand 
has made it increasingly dif?cult to justify the space allo 
cated for parameter test structures on the semiconductor 
device, Which occupy a signi?cant amount of valuable 
substrate area and do not serve any further purpose after the 
test measurements have been performed. These parameter 
test structures represent underutiliZed or “dead” space on the 
semiconductor device, Which space, if properly utiliZed 
could either provide additional semiconductor devices, for 
eXample, memory chips, PAL, and CPU; or optimiZe the die 
layout on the silicon Wafer. 

Conventional parameter test structures are very small, but 
the probe pads through Which the testing equipment access 
these structures, must be quite large so as to accommodate 
inaccurate alignment or minor misalignment of the testing 
equipment and to ensure satisfactory electrical contacts. 
Accordingly, conventional manufacture of test structures 
results in a signi?cant amount of substrate area that is not 
incorporated into a semiconductor device and Which does 
not serve any purpose after the manufacturing process. 

To address this Wasted substrate area, various approaches 
have been pursued in an attempt to increase the area of 
utiliZed substrate. These approaches have included decreas 
ing the siZe of the probe pads, placing the parameter test 
structure outside the scribe lines of the die, and allocating 
portions of the die for testing purposes only. These 
approaches are described in US. Pat. No. 4,014,037 to 
Matsushita et al.; US. Pat. No. 4,041,399 to Tsuda; US. Pat. 
No. 4,063,275 to Matsushita et al.; US. Pat. No. 4,302,763 
to Ohuchi et al.; US. Pat. No. 4,176,372 to Matsushita et al.; 
US. Pat. No. 4,198,283 to Class et al.; US. Pat. No. 
4,302,763 to Ohuchi et al.; US. Pat. No. 4,771,009 to Ueki; 
US. Pat. No. 5,068,697 to Noda et al.; US. Pat. No. 
5,102,819 to Matsushita et al.; US. Pat. No. 5,126,028 to 
HurWitt et al.; US. Pat. No. 5,243,213 to MiyaZaWa et al.; 
US. Pat. No. 5,334,555 to Sugiyama et al.; US. Pat. No. 
5,342,652 to Foster et al.; US. Pat. No. 5,349,456 to 
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2 
IWanaga et al.; US. Pat. No. 5,360,524 to Hendel et al.; and 
US. Pat. No. 5,377,030 to Suzuki et al. Unfortunately, these 
approaches have achieved only small increases, if any, in the 
utiliZed area of the substrate. Accordingly, there remains a 
need for a method of semiconductor manufacture Which 
results in a signi?cant increase in the utiliZed area of 
semiconductor substrate. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a novel recon?gurable array of test structures for 
testing semiconductor devices. 

It is another object of the present invention to provide a 
method for testing portions of a semiconductor device 
employing a recon?gurable array of test structures. 

It is yet another object of the present invention to maXi 
miZe the number of semiconductor devices Which can be 
assembled on a given area of substrate. 

It is another object of the present invention to provide a 
means for maXimiZing the amount of test information from 
test structures, While minimiZing the die area occupied by 
the regions Which furnish the test information from the 
parameter test structures. 

These and other objects have been achieved by means of 
a recon?gurable array of test structures for testing portions 
of a semiconductor device, one embodiment of Which com 
prises a plurality of probe pads, comprising a ?rst probe pad 
and a remainder of probe pads, at least one of Which 
remainder of probe pads is a common lead; to each of said 
plurality of probe pads, eXcept for said common lead, are 
attached tWo conductors; in each of Which said tWo conduc 
tors is connected a test structure, a ?rst end of Which test 
structure is connected to said conductor and a second end of 
Which test structure is connected to said common lead, 
eXcept for said ?rst probe pad, for Which ?rst probe pad only 
a test structure is connected in the ?rst conductor of the tWo 
conductors and a fusible link in the second conductor of the 
tWo conductors connected to said common lead; Wherein 
one of each of said tWo conductors contains a fusible link 
connected in series With said test structure. In another 
embodiment of the present invention, a microprobing pad is 
placed on a conductive path connecting in series the fusible 
link and the test structure. 

These and other objects have also been achieved by 
means of a recon?gurable array of test structures for testing 
a semiconductor device, one embodiment of Which com 
prises a plurality of probe pads, at least one of Which 
plurality of probe pads is a common lead; to each of said 
plurality of probe pads, eXcept for said common lead, are 
attached tWo conductors; in each of Which said tWo conduc 
tors is connected a test structure, a ?rst end of Which test 
structure is connected to said conductor and a second end of 
Which test structure is connected to said common lead; 
Wherein one of each of said tWo conductors contains a 
fusible link connected in series With said test structure. In 
another embodiment of the present invention, a microprob 
ing pad is placed on a conductive path connecting in series 
the fusible link and the test structure. 

These and other objects have also been achieved by 
means of a method of testing portions of a semiconductor 
device, one embodiment of Which comprises the steps of 
assembling a plurality of test structures in a recon?gurable 
array of test structures, Which recon?gurable array of test 
structures comprises: a plurality of probe pads, at least one 
of Which probe pads is a common lead; to each of said 
plurality of probe pads, eXcept for said common lead, are 
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attached tWo conductors; in each of Which said tWo conduc 
tors is connected one of said plurality of test structures, 
Wherein one of each of said tWo conductors contains a 
fusible link connected in series With said test structure; 
making a ?rst set of measurements betWeen each of said 
plurality of probe pads and said common lead; breaking or 
disconnecting the fusible link connected in series With said 
test structure; making a second set of measurements betWeen 
each of said plurality of probe pads and said common lead; 
and correlating said ?rst set of measurements With said 
second set of measurements so as to obtain an individual 
parameter measurement for each test structure. In another 
embodiment of the present invention, a microprobing pad is 
placed on a conductive path connecting in series the fusible 
link and the test structure. 

These and other objects have also been achieved by 
means of a method of testing portions of a semiconductor 
device, one embodiment of Which comprises the steps of 
assembling a plurality of test structures in a recon?gurable 
array of test structures, Which recon?gurable array of test 
structures comprises: a plurality of probe pads, comprising 
a ?rst probe pad and a remainder of probe pads, at least one 
of Which remainder of probe pads is a common lead; to each 
of said plurality of probe pads, except for said common lead, 
are attached tWo conductors; in each of Which said tWo 
conductors is connected one of said plurality of test 
structures, a ?rst end of Which test structure is connected to 
said conductor and a second end of Which test structure is 
connected to said common lead, except for said ?rst probe 
pad, for Which ?rst probe pad only a test structure is 
connected in the ?rst conductor of the tWo conductors and a 
fusible link in the second conductor of the tWo conductors 
connected to said common lead; Wherein one of each of said 
tWo conductors contains a fusible link connected in series 
With said test structure; making a ?rst set of measurements 
betWeen each of said plurality of probe pads and said 
common lead; breaking or disconnecting the fusible link 
connected in series With said test structure; making a second 
set of measurements betWeen each of said plurality of probe 
pads and said common lead; and correlating said ?rst set of 
measurements With said second set of measurements so as to 
obtain an individual parameter measurement for each test 
structure. In another embodiment of the present invention, a 
microprobing pad is placed on a conductive path connecting 
in series the fusible link and the test structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof Will be readily obtained 
as the same become better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying draWings, Wherein: 

FIG. 1 is a diagram depicting the conventional arrange 
ments of multiple probe pads provided in the prior art; 

FIG. 2 depicts an embodiment of the present invention for 
arranging multiple probe pads; 

FIG. 3 illustrates the conventional test structure for 
parameter measurement; 

FIG. 4 is a depiction of an embodiment of the present 
invention, providing a test structure for parameter measure 
ment; and 

FIG. 5 is a depiction of another embodiment of the present 
invention, providing a test structure for parameter measure 
ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides a method for reducing by 
almost half the number and area of the probe pads for 
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4 
parameter testing, While maintaining the same number of 
test structures tested. This is equivalent to almost doubling 
the number of structures tested by means of a given number 
of probe pads. This approach is directed to 2-node test 
structures, Which might, for example, employ resistivity or 
conductivity as the tested parameter, such as contact chains, 
resistors and other 2-node test structures. 

A feature of the present invention is to test initially a set 
of test structures by means of a ?rst set of test structures to 
obtain a ?rst set of measurements and then to recon?gure the 
set of test structures so as to obtain a second set of mea 

surements after the ?rst set of measurements has been 
completed. This recon?guration of the test structures is 
analogous to the “ALT” key on a computer keyboard. 

For example, a second parameter measurement performed 
by means of the probe pads after recon?guration Will furnish 
different information than the information provided during 
the ?rst parameter measurement, since the array of test 
structures have been recon?gured in the period betWeen the 
tWo sets of measurements. 

In an embodiment of the present invention, the array of 
test structures is recon?gured by connecting the test struc 
tures by means of fuses, obtaining a ?rst set of measure 
ments from the test structures; disconnecting, or “bloWing,” 
the fuses; obtaining a second set of measurements; corre 
lating the tWo sets of measurements so as to obtain indi 
vidual parameter values for each of the test structures. 

In the embodiment discussed above, in Which the test 
structures are connected by means of fuses, the fuses can be 
any device suitable for interrupting current ?oW, for 
example, metal fuses or polysilicon fuses, among others, and 
the same techniques are employed as routing in redundancy 
circuits during die repair, i.e., the laser repair equipment 
“bloWs” the fuses in the redundancy circuits. Once the fuses 
in the array of test structures have been disconnected, some 
test structures Will be cut off and Will not interfere With the 
second set of measurements, alloWing extraction of infor 
mation about all test structures. 

If the resistance of the polysilicon fuse raises concerns 
regarding accuracy of measurements, metal fuses can be 
used, i.e., a metal conductor running from the probe pad to 
the test structure, Which conductor has a narroWer section, 
permitting it to serve as a bloWable fuse. Of course, to bloW 
metal fuses, a laser beam has to be properly adjusted. 
The principle is simply illustrated: if you have tWo probe 

pads in place of the traditional arrangement of connecting 
one test structure, (for example, a thin ?lm resistor or contact 
chain as in FIG. 1), the tWo test structures can be connected 
in parallel, With one of the parallel connections containing a 
fuse or fusible link, as in FIG. 2. 

For example, in FIG. 2, the tWo resistors have resistance 
values R1 and R2. The ?rst set of measurements provides the 
combined resistance, Rcomb, Which is equal to 

R1 -R2 
(R1 + R2) 

(1) 
R comb = 

This ?rst measurement is then noted, perhaps by tempo 
rarily storing the value in a memory register by means of a 
softWare program running the tests. 

Subsequent to the ?rst measurement, the fuse is bloWn, 
thus removing resistance value R2 from the measured resis 
tance of the circuit. A second resistance measurement per 
formed at this time furnishes a resistance value that re?ects 
the R1 value alone. 
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Rearranging equation (1) in relation to R2, 

Rcomb'Rl 
2 = i 

(R1— Rcomb) 
R (2) 

indicates that the measured values of Rcomb and R1 permit 
determination of the value of an R2 value, Without direct 
measurement of R2 alone and Without sacri?cing the accu 
racy of the measured value. The calculation employed in 
Equation (2) can be incorporated as a routine programmed 
manipulation performed by the measurement routine soft 
Ware program running the tests. 

The features of the present invention are further illustrated 
in FIGS. 3 and 4, Where practical layouts of test structures 
are represented. For simplicity of illustration, only eight 
probe pads are indicated, one of Which functions as the 
common lead, COM. 

Atraditional arrangement of test structures on a semicon 
ductor device to be die-cut is presented in FIG. 3. In this 
setup, having one common lead pad, seven test structures 
can be tested—probe pad 1 measures the parameter for test 
structure a, probe pad 2 measures the parameter for test 
structure b, probe pad 3 measures the parameter for test 
structure c, probe pad 4 measures the parameter for test 
structure d, probe pad 5 measures the parameter for test 
structure e, probe pad 6 measures the parameter for test 
structure f, and probe pad 7 measures the parameter for test 
structure g. Thus, With the conventional arrangement of a 
test structure, eight probe pads alloW for 2-node measure 
ment of seven test structures. 

FIG. 4 illustrates an embodiment of the present invention. 
Here, probe pad 1 measures the parameter for test structure 
a, but probe pad 2 measures the parameter for test structures 
b and c, probe pad 3 measures the parameter for test 
structures d and e, probe pad 4 measures the parameter for 
test structures f and g, probe pad 5 measures the parameter 
for test structures h and i, probe pad 6 measures the 
parameter for test structures j and k, and probe pad 7 
measures the parameter for test structures 1 and In Here, in 
contrast to the conventional arrangement provided in a test 
structure, eight probe pads alloW for 2-node measurement of 
thirteen test structures. (Or, alternately, if only seven test 
structures are to be measured, then this can be accomplished 
by means of just four probe pads, thus, more fully utiliZing 
substrate area.) 
From the above comparison, it is apparent that the recon 

?gurable array of test structures of the present invention 
permits one to almost double the number of test structures 
tested With a given number of probe pads. 

It is to be noted that probe pad 1 is unique: before the ?rst 
set of measurements, it is shorted out by fusible link or fuse 
F1, Which acts as a “signature,” alloWing the softWare 
program running the tests to determine Which set of mea 
surements is being performed and to process the results 
accordingly. In the example illustrated in FIG. 4, if the 
measured resistance betWeen probe pad 1 and COM is Zero, 
then the measurement corresponds to the ?rst set of mea 
surements before fuses F1, F2, F3, F4, F5, F6, and F7 have 
been bloWn. Alternatively, if the measured resistance 
betWeen probe pad 1 and COM is greater than Zero, then the 
measurement corresponds to the second set of 
measurements, i.e., after fuses F1, F2, F3, F4, F5, F6, and F7 
have been bloWn. 

In a preferred embodiment of the present invention, test 
structure a should have relatively high resistance, R>>O, so 
as to provide reliable discrimination betWeen the sets of 
measurement. For instance, a polysilicon resistor could be 
employed. 
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It should also be noted that, if so desired, a small probe 

pad (intended for microprobing only) can be employed for 
one or more of the test structures, the micropad connected in 
series With the fusible link and the test structure, for example 
micropads 2‘ and 3‘ in FIG. 5. Thus, even after bloWing or 
disconnecting fuses F2 and F3, test semiconductor device b 
can still be accessed and measured betWeen pad 2 and 
micropad 2‘, and semiconductor device e can still be 
accessed and measured betWeen pad 3 and micropad 3‘. This 
permits re-veri?cation of the test results in those instances 
Which so require, for example, in failure analysis of 
customer-returned chips. The additional small microprobe 
pads 2‘ and 3‘ typically can be the same type of small probe 
pad as employed in circuit debugging. As such, the small 
probe pad Would, for example, not be much Wider than 3 to 
4 times the Width of the aluminum interconnects. Such 
probes are used in modern chips in signi?cant numbers 
(several tens, for example) Without signi?cantly reducing 
the number of semiconductor devices Which can be 
assembled on a given area of substrate. 

In the typical manufacture of semiconductor devices, the 
number of probe pads serving to measure 2-node test 
structures easily exceeds 50. Accordingly, it can be expected 
that the present invention Will furnish signi?cant gains in 
space utiliZation on substrates and signi?cant increases in 
the amount of information acquired from a given substrate 
area. 

Although the present invention requires tWo measure 
ments of a given parameter, this testing can often be com 
bined With functional testing of the semiconductor device 
itself, Which is usually done at least tWice. Moreover, it is 
not anticipated that the time required for semiconductor 
manufacture Will increase signi?cantly as a result of this 
second set of measurements. Further, the laser can be 
programmed only to bloW those fuses connected to devices 
chosen for parameter measurement. 

Another embodiment of the present invention is one, in 
Which the fuses have been sWapped With the test structures 
such that the probe pad is ?rst connected to the fuse; then, 
in turn, to the small microprobing pad; and then, in turn, to 
the test structure. The other node of the test structure is 
connected directly to the common pad, COM. Such an 
arrangement results in more convenient microprobing, since 
only one common pad Will still be used, for example, 
common pad COM and micropad 2‘ are employed to re-test 
test structure b. 
Numerous modi?cations and variations of the present 

invention are possible in light of the above teachings. It is 
therefore to be understood that Within the scope of the 
appended claims, the invention may be practiced otherWise 
than as speci?cally described herein. 
What is claimed is: 
1. A recon?gurable array of test structures for testing 

portions of a semiconductor device, comprising: 
a plurality of probe pads, including a ?rst probe pad and 

a common lead; 

a plurality of conductive connectors forming electrical 
connections, tWo of Which are connected to each of said 
plurality of probe pads, except for said common lead; 

a plurality of test structures, each of Which is connected 
by said conductive connectors betWeen said common 
lead and one of said plurality of probe pads; and 

a plurality of fusible links, Wherein either some of said 
electrical connections betWeen test structures and said 
common lead, or some of said electrical connections 
betWeen said test structures and said probe pads, com 
prise one of said fusible links, such that a circuit 
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comprising said common lead, one of said test struc 
tures and one of said probe pads may be broken by 
destroying a fusible link in the circuit. 

2. The recon?gurable array of test structures according to 
claim 1, further comprising at least one microprobing pad 
connected in series by said conductive connectors betWeen 
one of said fusible links and one of said test structures. 

3. The recon?gurable array of test structures according to 
claim 1, Wherein said fusible link comprises a fuse. 

4. The recon?gurable array of test structures according to 
claim 3, in Which said fuse is a polysilicon fuse. 

5. The recon?gurable array of test structures according to 
claim 3, in Which said fuse is a metal fuse. 

6. The recon?gurable array of test structures according to 
claim 1, in Which a fusible link is located betWeen a probe 
pad and a test structure. 

7. The recon?gurable array of test structures according to 
claim 1, in Which a fusible link is located betWeen said a 
structure and a common lead. 

8. The recon?gurable array of test structures according to 
claim 1, in Which said test structure is a resistor. 

9. The recon?gurable array of test structures according to 
claim 8, in Which said test structure is a thin ?lm resistor. 

10. The recon?gurable array of test structures according 
to claim 1, in Which said test structure is a contact chain. 

11. The recon?gurable array of test structures according to 
claim 1, in Which said test structure is a contact. 

12. The recon?gurable array of test structures according 
to claim 8, in Which said testing is a test of resistance. 

13. A method for testing portions of a semiconductor 
device, comprising the steps of: 

assembling a plurality of test structures in a recon?g 
urable array of test structures, Which recon?gurable 
array of test structures comprises a plurality of probe 
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pads, a common lead, a plurality of test structures and 
a plurality of fusible links con?gured such that at least 
one circuit is formed in Which tWo of said test structures 
are connected betWeen one of said probe pads and said 
common lead With one of the tWo said test structures 
being connected in series With one of said fusible links; 

making a ?rst set of measurements betWeen each of said 
plurality of probe pads and said common lead; 

breaking the fusible links connected in series With said 
test structures; 

making a second set of measurements betWeen each of 
said plurality of probe pads and said common lead; and 

correlating said ?rst set of measurements With said second 
set of measurements so as to obtain an individual 

parameter measurement for each test structure. 
14. The recon?gurable array of test structures according 

to claim 1, Wherein said conductive connectors connect tWo 
test structures to each of said probe pads. 

15. The recon?gurable array of test structures according 
to claim 1, Wherein said conductive connectors connect tWo 
test structures to each of said probe pads, eXcept said ?rst 
probe pad, and one of said fusible links is connected by said 
conductive connectors betWeen said ?rst probe pad and said 
common lead. 

16. A method according to claim 13, further comprising: 
designating a ?rst probe pad Which is connected in series 

through a fusible link to said common lead Without an 
intervening test structure; and 

measuring the resistance betWeen said ?rst probe pad and 
said common lead to determine Whether the fusible 
links have been broken. 


